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Abstract. Many of the public buildings are in conditions of distress due to 
deterioration and damage and require maintenance and rehabilitation to be able to 
function appropriately. On the contrary the government funding and budget 
allocated is limited. A systematic approach to overcome the problem is using 
setting up priority and optimize the resources allocation. Within a budget ceiling 
the what buildings components should be prioritized to achieve maximum profit 
and or surpass threshold is the ultimate goal of the decision maker and 
stakeholders. In this study, optimizing budget allocated for maintenance and 
rehabilitation of building components may be carried out by implementing 
knapsack algorithm within dynamic programming framework. The public junior 
high school 4 (SMPN 4) building was chosen as case study to apply the algorithm 
and determine the priority scale. The building is in Salatiga and suffers from some 
material deterioration as well as structural component degradation. The school 
building consists of three main sections namely, building itself, school yard, and 
school fence. To assess and evaluate damage based on the criteria set by Ministry 
of National Education, the building is divide into structures, architecture, and 
utilities. These components were divided into elements and sub elements. The 
structure was divided into the roof structure, super structure above the ground, and 
substructure (foundation). The damage condition of components and sub 
components of the building was then tabulated by assigning weights according to 
criteria set by office of education of Salatiga (Dinas Pendidikan Kota Salatiga, 
2017). 
1. INTRODUCTION 
The entire life cycle of a building include construction, operation, maintenance, 
demolition and removal  (Chan, 2014). As a place for hundreds of children and young 
adolescents carrying out their activities every day, school building shall function 
properly, reliably and comfortably providing space and conducive environments and 
protecting them from harmful surroundings. Building maintenance is the key to keeping 
the quality of the buildings. The main factors that inhibit are the limited budget. 
Therefore, school manager should make a right decision in performing maintenance 
activities within the financial constraints. The decision may involve prioritization and 
scheduling to have maintenance right on target. Regarding maintenance and 
rehabilitation of buildings, several criteria that may be used as consideration for the 
school manager in making decisions. Two of them are; (1) the extent of damage and (2) 
the cost of rehabilitation. Considering these criteria and the limited budget, the school 
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manager must prioritize the building components for budget allocation. The aim of this 
research is to optimize the decision in school buildings maintenance and rehabilitation. 
Dynamic programming employed in this study offers a mathematical framework to 
optimize decision under several uncertain phases.The results of and techniques 
presented in this study are expected to be a reference for building manager of the school 
to choose alternative components for maintenance activities in the school building. 
 
2. METHODOLOGY 
Maintenance and rehabilitation prioritization of school buildings may be represented 
mathematically as one of the problems of knapsack 0/1 because the situation of the 
decision maker is required to choose the components of the school building will be 
carried out maintenance and left behind for maintenance in the next year. So the choice 
is taken between yes or no. 
 
2.1. Knapsack Problem 
The knapsack problem is a combinatorial optimization problem where a set of each item 
have weights and value. The weight and the value of each item determine the amount to 
be included in the collection therefore that the total weight is less than or equal to the 
weight and the total value of all possible. According Toth (1979), knapsack problem can 
be formulated as 0/1 Knapsack Problem formulation: 
𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒 𝑃 = ∑ 𝐶𝑖 𝑋𝑖𝑛𝑖=1    
  (1) 
𝑆𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 ∑ 𝑊𝑖 𝑋𝑖𝑛𝑖=1  ≤ 𝑊           
   (2) 
Where: 
Ci  = benefit from alternative 
Wi = cost for alternative 
The formulation of knapsack problem 0-1 limiting the possibility of choice taken 
between 1 or 0. 
 
2.2. Knapsack problem by dynamic programming 
Knapsack Problem 0-1 can be solved by mathematical equations of dynamic 
programming. According Klamroth and Wiecek, dynamic programming being a very 
exible technique, is a unifying umbrella under which all variations can be solved. The 
case of building maintenance is a deterministic dynamic programming category. 
Deterministic issues are the state at the next stage is entirely determined by the state and 
the decision at the current stage. To categorize this deterministic dynamic programming 
problems is by looking at the objective function. The prioritization of the school 
building aims to get the maximum value of the improvements that were made to the 
building components are selected. So the solution steps are as follows: 
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a. The problem is divided into stages with a decision at each stage. 
 
 
 
Figure 2.1. The division of the problem into several stages 
 
b. Each stage has a state that is associated with the stage. The status of the input is a variety of 
possibilities that exist on a particular system. On a matter with n-stage, there are two inputs: 
the state in the step-n (Sn) and decision variable (Xn). The output is return or result of Xn 
that selected fn (S, Xn) and a new state is input at a next stage (Sn-1). The relation between 
Xn and fn (S, Xn) is determined by the return function. The relations between state at a stage 
is according to the transition function. 
 
Figure 2.2. Relationship between status at a certain stage 
(http://web.mit.edu/15.053/www/AMP-Chapter-11) 
c. The decision of each stage are the decisions that can be selected for a stage. 
d. The optimal solution of the dynamic programming problem is the same as the 
decision on the status selection from the last stage. 
e. The recursive relationship that identifies the optimal choice for each state at stage n, 
provides an optimal choice for each state at stage n + 1. 
The form of its recursive function is: 
fn (Sn) = max {fn(Sn, Xn)}   
  (3) 
𝑆𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 ∑ Sn, Xn𝑛𝑖=1  ≤ 𝑊,          𝑋𝑖 ∈  {0|1} 
  (4) 
Where: 
fn (Sn)  = The optimal result of the decision at the stage n 
W  = budget 
 
3. RESULT AND DISCUSSION 
3.1. Inventory of School Building (SMP Negeri 4 Salatiga) 
SMP Negeri 4 Salatiga is located at 47
th 
Pattimura Street Salatiga. The buildings stand 
on the area of  4755 m
2
 owned by the municipal government of Salatiga. At the school, 
there is forty space is divided to seven building where two of them is two floors 
building and five one floor buildings. The site plan of SMP Negeri 4 Salatiga can be 
seen in Figure 3.1. 
 
Stage (n-1) Stage (1) Stage (n) 
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3.2. Analysis of Building Damage 
The school building consists of 3 main sections namely, building itself, school yard, and 
school fence. To assess and evaluate the damage, the building is divide into structure, 
architecture, and utilitiy components. These components were then divided into 
elements and sub elements. The structure is divided into the roof structure, super 
structure above the ground, and substructure (foundation).  To determine the calculation 
of school buildings damage, must be obtained the weight of each sub-buildings, 
components, elements, and sub-elements in school buildings. The weight of each sub-
school building by Sutikno (2009) is shown in Table 1. 
Tabel 1. Weight of sub-school buildings 
No Sub Building Weight (%) 
1 Building 73,35 
2 School fence 18,79 
3 School yard 7,86 
Total 100 
Source: Sutikno (2009) 
 
Figure 3.1. Siteplan of SMP Negeri 4 Salatiga 
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The damage condition of components and sub components of the building was then 
tabulated by assigning weights according to criteria set by the office of education of the 
city of Salatiga (Dinas Pendidikan Kota Salatiga, 2017) as shown in Table 2. Afterward, 
the damage condition of each component, element and sub-element were obtained by 
visual inspection appears in Table 3. The table recapitulates the volume of the damage. 
 
Tabel 2. Weight of School Building Components 
No 
Building 
Component 
Sub Building Component Weight(%) 
1 Roof Roofing 10,56 
Roof Frame 11,62 
Lis sign & chamfer 2,06 
2 Ceiling Order ceiling 4,67 
Cover &lis ceiling 5,06 
Paint 1,41 
3 Wall ring beams and Columns 9,66 
Brick/wall charger 13,68 
Paint 1,65 
4 Door & Window Sills 2,70 
Door 2,47 
Window 5,15 
5 Floor Structure 2,89 
Floor covering 8,96 
6 Foundation The Foundation 11,15 
Foundation beam 3,30 
7 Utilities Electrical 1,79 
Installation of rain water & couples traveling 
concrete building rebates 
1,22 
Total 100 
Source: Dinas Pendidikan Kota Salatiga (2017) 
 
In this study, the observed was limited by the building components. Type of damage 
experienced by SMP Negeri 4 Salatiga, among others rotted wooden material, cracks 
and ruptures on the concrete material, and loose on and ceramics plastic material. And 
among the building components where have damage the most is a components made of 
wood. 
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Figure 3.2. Damage of SMP Negeri 4 Salatiga 
 
Inventorying damage was done by inspecting each of the components of the building 
visually. The observations are then recorded on the chart referring to the regulation of 
the Minister of education and culture Number 57 in 2011, where the volume of damage 
are distinguished into three kinds, namely based on length (gutter, foundation, 
foundation beams, installation of rainwater & pedestrian walk in the perimeter of the 
buildings), based on surface area (roofing, roof frame, the frame of the plafond, cover 
and list of ceiling, paint of ceiling, brick/wall filler, paint of wall the, structure of the 
floors, and floor covering), and based on the number of units (column and lintel, sills, 
doors, shutters, and electrical installation). Afterward, the damage condition of 
principal's office, elements and sub element were obtained by visual inspection as 
shown in table 3. The table recapitulates the volume of damage of the components. 
Table 3. Volume of damage of principal's office 
No 
Building 
Component 
Sub Building 
Component 
Total 
Volum
e 
Unit 
Volume Of 
Damage 
Damage 
(%) 
1 Roof Roofing 30 m
2
 0 0.00 
Roof Frame 30 m
2
 0 0.00 
Roof gutter 10 m
2
 10 100.00 
2 Ceiling Frame of ceiling 24 m
2
 0 0.00 
Ceiling cover 24 m
2
 0 0.00 
Paint 24 m
2
 24 100.00 
3 Wall Lintel and Columns 10 piece 0 0.00 
Brick Masonry  wall 80 m
2
 0 0.00 
Paint 160 m
2
 80 50.00 
4 Door & 
Window 
Sills 3 piece 0 0.00 
Door 2 piece 0 0.00 
Windows 2 piece 0 0.00 
5 Floor Structure 24 m
2
 0 0.00 
Floor cover 24 m
2
 0 0.00 
6 Foundation The Foundation 20 m 0 0.00 
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No 
Building 
Component 
Sub Building 
Component 
Total 
Volum
e 
Unit 
Volume Of 
Damage 
Damage 
(%) 
Foundation beam 20 m 0 0.00 
7 Utilities Electrical 12 piece 0 0.00 
Installation of rain 
water &pedestrian 
walk in the perimeter 
of the buildings 
6 m
2
 0 0.00 
Source: analysis results 
 
While the percentage level of damage to the principal's office can be seen in table 4 as 
the following: 
Table 4. Analysis of damage level of principal's office 
N
o 
Building 
Component 
Sub Building 
Component 
Weight(%) Damage Level 
Against 
the Entire 
Building 
Maximu
m 
Damage 
Weight 
(%) 
Procentag
e (%) 
1 Roof Roofing 10,56 100 0.00 0.00 
Roof Frame 11,62 100 0.00 0.00 
Roof gutter 2,06 100 100.00 2.06 
2 Ceiling Frame of ceiling 4,67 100 0.00 0.00 
Ceiling cover 5,06 100 0.00 0.00 
Paint 1,41 100 100.00 1.41 
3 Wall Lintel and Columns 9,66 100 0.00 0.00 
Brick Masonry  wall 13,68 100 0.00 0.00 
Paint 1,65 100 50.00 0.83 
4 Door & 
Window 
Sills 2,70 100 0.00 0.00 
Door 2,47 100 0.00 0.00 
Windows 5,15 100 0.00 0.00 
5 Floor Structure 2,89 100 0.00 0.00 
Floor cover 8,96 100 0.00 0.00 
6 Foundation The Foundation 11,15 100 0.00 0.00 
Foundation beam 3,30 100 0.00 0.00 
7 Utilities Electrical 1,79 100 0.00 0.00 
Installation of rain 
water &pedestrian 
walk in the perimeter 
of the buildings 
1,22 100 0.00 0.00 
Total Value of Damage Level    4.30 
Source: analysis results 
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The analysis is continued as the stages above for the entire room that exists in SMP 
Negeri 4 Salatiga. The results of the analysis for each room was grouped into simpler 
spaces into the level of damage to building components. So, it is obtained the degree of 
damage to the components of the roof, plafond, walls, doors and windows, floors, 
foundation, and utilities. From the results of the analysis, it brings that sub component 
that having damage the most is windows and doors with the rate 2.70% of damage. 
While the sub components are most excellent condition is a foundation with a value of 
0%, or the extent of damage suffered no damage. The observations can be seen in table 
5. 
Table 5. Level Damage of Building Component of SMP Negeri 4 Salatiga 
No 
Building 
Components 
Rating of Damage 
(%) 
1 Roof 1.18 
2 Ceiling 1.53 
3 Wall 1.11 
4 Door & Window 2.70 
5 Floor 0.40 
6 Foundation 0.00 
7 Utilities 0.72 
Total 7.64 
Source: analysis results 
 
3.3. Maintenance Cost 
After obtaining the volume of damage, the analysis was carried out to determine the 
maintenance and/or repairs. The analysis also includes a calculation of the cost of 
maintenance actions concerning to work price unit which is in the city of Salatiga. 
Standard reference price used based on the decision of the Mayor of Salatiga Number 
900/348/2016. Calculation of maintenance cost analysis process on the headmaster's 
space can be seen in table 6. 
Table 6. Analisis of Maintenance Cost of Principal’s Office 
No 
Building 
Component 
Sub Building Component 
Damage Cost (Rp) 
Kind Volume Unit Unit Price Total 
1 Roof Roofing - 0 m
2
 - - 
Roof Frame - 0 m
2
 - - 
Roof gutter Weather
ed 
10 m
2
 123.000 1.180.000 
2 Ceiling Frame of ceiling - 0 m
2
 - - 
Ceiling cover  - 0 m
2
 - - 
Paint Faded 24 m
2
 13.000 312.000 
3 Wall Lintel and Columns - 0 piece - - 
Brick Masonry  wall  - 0 m
2
 - - 
Paint Faded 80 m
2
 13.000 1.040.000 
4 Door & 
Window 
Sills - 0 piece - - 
Door - 0 piece - - 
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No 
Building 
Component 
Sub Building Component 
Damage Cost (Rp) 
Kind Volume Unit Unit Price Total 
Windows - 0 piece - - 
5 Floor Structure - 0 m
2
 - - 
Floor cover - 0 m
2
 - - 
6 Foundation The foundation - 0 m - - 
Foundation beam - 0 m - - 
7 Utilities Electrical - 0 piece - - 
Installation of rain water & 
pedestrian walk in the 
perimeter of the buildings 
- 0 m
2
 - - 
Total Cost     2.682.000 
 
As well as on analysis to obtain the level of damage to building components, the 
analysis of the needs of repair costs also performed on the entire space in SMP Negeri 4 
Salatiga. The analysis followed by pegging the maintenance cost of each component of 
the building. The analysis results can be seen in table 7. 
Table 7. Maintenance Cost of SMP Negeri 4 
No 
Building 
components 
Maintenace costs (Rp) 
1 Roof 52.000.000 
2 Ceiling 53.000.000 
3 Wall 63.000.000 
4 Door & Window 56.000.000 
5 Floor 27.000.000 
6 Foundation 10.000.000 
7 Utilities 0 
Total 261.000.000 
Source: analysis results 
 
Maintenance and rehabilitation prioritization in SMP Negeri 4 Salatiga devide in to 
three kinds: 
a. School building maintenance based on level of damage 
Based on the extent of the damage, maintenance and repair to school buildings are 
taken on the order of the greatest. So get the order of priority 1 to 6, as in table 8 
following: 
Table 8. Maintenance and rehabilitation prioritization based on the extent of the damage 
No Component Damage Level (%) Priority 
1 Door & 
Window 
2.70 1 
2 Ceiling 1.53 2 
3 Roof 1.18 3 
4 Wall 1.11 4 
5 Utilities 0.72 5 
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No Component Damage Level (%) Priority 
6 Floor 0.40 6 
7 Foundation 0.00 7 
Source: analysis results 
 
b. Based on Maintenance Cost 
The maintenance and rehabilitation of building components in school buildings can be 
seen in table 9 following: 
Tabel 9. Priority of school building maintenance based on maintenance cost 
No Component Maintenance Cost (Rp) Priority 
1 Wall 63.000.000 1 
2 Door & Window 56.000.000 2 
3 Ceiling 53.000.000 3 
4 Roof 52.000.000 4 
5 Utilities 27.000.000 5 
6 Floor 10.000.000 6 
7 Foundation 0 7 
Source: analysis results 
 
c. Based on value of repairing 
To determine the priority of maintenance, carried out an analysis of the extent of the 
deterioration and maintenance costs of each component of the building. The extent of 
deterioration includes the understanding that if the act of maintenance and rehabilitation 
have been done then will get the value of the repairing of any damage to the value of the 
component. Thus, the calculation and the analysis is influenced by the three value, 
namely the value of the level of damage, costs money, and the total available budget. 
The aims of this analysis are to get the maximum amount of the value of the 
improvements gained from the maintenance. The analysis was performed with attention 
to keeping costs and improvement of each component. The total cost of the 
repair/maintenance and shall not exceed the total budget available. The analysis using 
dynamic programming with Microsoft excel software for help. There is six stage of the 
analysis undertaken. The numbers are based on the components of the building suffered 
damage. Foundation components not included in the analysis because it is not damaged. 
Analysis of the results obtained is not the form of the order against building components 
but rather a package of maintenance activities against some components of the building. 
For more information, analysis results can be seen on table 10 the following: 
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Table 10. Priority of School Building Components for Maintenance 
No 
Building 
Component  
Implemented Not Implemented 
Damage 
Level 
Maintenace 
Cost 
Damage 
Level 
Maintenance 
Cost 
1 Wall 2.70 63.000.000 - - 
2 Door & Window 1.53 56.000.000 - - 
3 Ceiling - - 1.18 53.000.000 
4 Roof - - 1.11 52.000.000 
5 Utilities 0.72 27.000.000 - - 
6 Floor 0.40 10.000.000 - - 
Jumlah 5.35 146.000.000 2.29 105.000.000 
Source: analysis results 
 
4. CONCLUSION 
From the above analysis, it can be concluded: 
a. there are seven components of building analyzed in this research are roof, ceiling, 
wall, door & window, floor, foundation, and utility; 
b. From observations made in April - May 2017, the total damage that occurred in 
the building of SMP Negeri 4 Salatiga 7.64% (minor damage); 
c. The foundation component is no damage, so its maintenance budget is Rp 0, -; 
d. The available budget g for school building maintenance obtained by SMP Negeri 
4 Salatiga in 2017 amounts to Rp 150,000,000, - (one hundred and fifty million 
rupiah), all of which are sourced from the Salatiga City Budgets; 
e. Building Components in SMP Negeri 4 Salatiga which prioritized for 
maintenance there are four components, namely ceiling components, doors & 
windows, floors, and utilities; 
f. The amount of cost required to carry out the maintenance of 4 (four) components 
of the building amounted to Rp 146,000,000, - (one hundred forty-six million 
rupiah); 
g. There is a remaining budget of Rp 4,000,000, - (four million rupiah); 
h. After maintenance, the level of damage will be reduced by 5.35% so that the level 
of damage to the building of SMP Negeri 4 Salatiga to 2.29%. 
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